We found that 17 (68%) of 25 Actinobacillus actinomycetemcomitans isolated from periodontally diseased sites had MICs of erythromycin ^8 mg/L. The isolates were hybridized with five rRNA methylase genes and gene mobility was determined. Twenty-four (96%) of 25 isolates hybridized with one or more rRNA methylase genes. Representative isolates were able to transfer erythromycin resistance to Haemophilus influenzae and Enterococcus faecalis recipients. The transconjugants were shown to carry rRNA methylase genes by DNA probe hybridization and had MICs of erythromycin 32 to 256 mg/L.
Introduction
Bacteria have been implicated in the aetiology of periodontitis, an infection in which attachment tissues and alveolar bone housing are destroyed, leading to exfoliation of teeth (Genco, 1981) . Actinobacillus actinomycetemcomitans is strongly associated with localized juvenile periodontitis, which affects persons aged 12-20 years (Slots, Reynold & Genco, 1980; Zambon, 1985) .
Erythromycin is commonly used in dentistry as an alternative to /Mactam antibiotics for the treatment of dental abscesses, but is rarely used for the treatment of periodontitis (Genco, 1981) . In contrast, clindamycin is used for the treatment of adult and refractory periodontitis (Genco, 1981) . Erythromycin and clindamycin are chemically distinct, but both inhibit bacterial protein synthesis by binding to the 50S ribosomal subunit (Eady, Ross & Cove, 1990) . Resistance to erythromycin and clindamycin is usually due to the methylation of a single adenine nucleotide in the 23S component of the 50S ribosomal subunit. This change prevents erythromycin, clindamycin and streptogramin from binding to the ribosome and is often referred to as macrolide-lincosamide-streptogramin B (MLS) resistance (Eady et al., 1990; Leclerq & Courvalin, 1991; Weisblum, 1995) .
Most isolates of A. actinomycetemcomitans have been reported to be erythromycin resistant (Erm r ) with MICs ^8 mg/L (Genco, 1981; Baker et al., 1985; Slots & Rams, 1990; Pavicic, van Winkelhoff& Graaff, 1992) . The aim of this study was to characterise resistance of A. actinomycetemcomitans to erythromycin, using molecular techniques. The potential for transfer of the genes responsible for erythromycin resistance was also determined.
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Media
Brain Heart Infusion (BHI) agar or BHI broth (Difco Laboratories, Detroit, MI) supplemented with lOmg/L of haemin, 10 mg/L of L-histidine and 2 mg/L of nicotinamide adenine dinucleotide were used to culture A. actinomycetemcomitans (Roe et al., 1995a) . Brain Heart Infusion agar was used for MIC determination (Roe et al., 1995a) .
MIC determination
MICs were determined by agar dilution. Bacteria were suspended in 0.84% NaCl to a 0.5 McFarland standard and diluted 1:10. This dilution (10 4 cfu/spot) was inoculated by a Steers replicator according to the NCCLS (1993). Erythromycin concentrations ranged from 0.5 to 64 mg/L. Plates were incubated at 36.5°C in air with 5% CO 2 and read at 48 h (Roe et al., 1995a) .
Haemophilus influeniae transconjugants were tested on Chocolate Mueller Hinton medium (Difco Laboratories, Detroit, MI) and Enterococcus faecalis transconjugants were tested on Blood Mueller Hinton medium (Difco Laboratories, Detroit, MI) using standard procedures (NCCLS, 1993) . Plates were incubated at 36.5°C in air and read at 24 h (NCCLS, 1993) .
Mating experiments
E.faecalis JH2-2 and H. influeniae Rd8 were chosen as recipients. JH2-2 has previously been selected for chromosomal resistance to fusidic acid 25 mg/L and rifampicin 25 mg/L (Roberts et al., 1992) . Rd8 has been previously selected for chromosomal resistance to fusidic acid 25 mg/L, rifampicin 10 mg/L, and streptomycin 250 mg/L (Roberts et al., 1980) . The donor A. actinomycetemcomitans isolates were susceptible to rifampicin and streptomycin, resistant to fusidic acid and carried the Tet B determinant and varying numbers of different rRNA methylase genes (Table II) (Roe et al., 1995a) . Donor and recipient isolates were grown separately in BHI broth to approximately 10 lo cfu/mL. Equal volumes of broth were mixed, centrifuged at 39,00O#, resuspended, plated on BHI agar plates, and incubated overnight at 36.5 C C in air with 5% CO 2 , as previously described (Roberts et al., 1980 (Roberts et al., , 1992 . JH2-2 transconjugants were selected on media containing rifampicin 10 mg/L and erythromycin 10 mg/L.
Transconjugants were confirmed on media containing streptomycin 250 mg/L, and using a chromosomal DNA probe which is specific to E.faecalis (Roberts & Lansciardi, 1990; Roberts & Brown, 1994) . Rd8 transconjugants were selected on media containing streptomycin 250 mg/L and erythromycin 10 mg/L and then transferred to media with rifampicin lOmg/L. The transconjugants were confirmed as H. inftuenzae by growth factor requirements and colonial morphology.
DNA hybridization
DNA was extracted from A. actinomycetemcomitans, H. influenzae and E.faecalis as previously described (LeBlanc & Lee, 1979; Roe et al., 1995a) . Uncut whole-cell DNA was visualized on a 0.7% agarose gel stained with ethidium bromide and viewed under long-wave UV light. We used rRNA methylase gene probes that are representatives of the five most commonly found classes: Erm A, Erm B, Erm C, Erm F and Erm Q (Weisblum, 1995) . Fragment DNA (Table I) probes were labeled using the nonradioactive Genius kit labeling system (Boehringer Mannheim Biochemina, Indianapolis, IN). Hybridization and detection followed the manufacturer's instructions (Roe et al., 1995a) . Hybridization was with Southern blots of uncut whole-cell DNA under stringent conditions. Positive and negative controls were included in each Southern blot. We found that neither the susceptible JH2-2 nor the Rd8 DNA hybridized with any of the five Erm probes. None of the five Erm fragments cross-reacted with each other under the high stringency conditions used for hybridization. Each isolate and each transconjugant examined were tested at least twice on different Southern blots. Results for Erm A, Erm B and Erm C were confirmed by PCR assay as previously described (Roberts & Brown, 1994) .
Results

MICs
The MICs of erythromycin for the 25 A, actinomycetemcomitans isolates are shown in Table II . The MICw and MIG>o were 8 and 16 mg/L, respectively. According to NCCLS criteria (NCCLS, 1993) , none of the isolates was susceptible to erythromycin, eight had intermediate susceptibility and the remaining 17 were resistant (MIC > 8 mg/L).
Identification of Erm genes
Southern blot hybridization results are summarized in Table II . Erm B was found in 18 isolates (72%), Erm C in 16 isolates (64%), Erm F in 14 isolates (58%), Erm Q in six isolates (25%) and Erm A in four isolates (17%). Five isolates (20%) hybridized with one Erm probe, eight isolates (32%) hybridized with two Erm probes, seven isolates (28%) hybridized with three, and four isolates (16%) hybridized with four Erm probes (Table II) . One isolate (5004) did not hybridize with any of the five genes, however, it (Murphy & Lofdahl, 1984 ) (Berryman & Rood, 1989 ) (Rinckel & Savage, 1990 ) (Smith, 1987) (Rood & Cole, 1991) D. E. Roe et at. The Tel B data was taken from Roe el al. (1995a) Tet' was found in the Rd8 recipients, Tet'' tetracycline resistance; Erm': erythromycin resistance.
had an MIC of 8 mg/L. We found no correlation between the number of rRNA methylase genes found in an A. actinomycetemcomitans isolate and the MIC of erythromycin for that isolate (data not shown).
Transfer of erythromycin resistance
Ten A. actinomycetemcomitans were tested for their ability to transfer the Erm' phenotype. Frequencies ranged from 10~6 to 10~8/recipient with E. faecalis, and from 10 " 7 to 10"'/recipient with H. influenzae. The H. influenzae transconjugants had MICs of erythromycin between 32 and 64 mg/L, compared with MIC 4 mg/L for the donor strain. The E. faecalis transconjugants had MICs of erythromycin between 32 and 256 mg/L, compared with 1 mg/L for the donor strain (data not shown). The Erm C determinant was transferred in eight of the ten donors examined. The Erm B determinant transferred from six of the seven donors. The Erm F determinant transferred from two of the six donors and the Erm Q determinant transferred from one of the three donors. The Erm A determinant was not transferable from either of the two donors examined (Table III) . Matings were done at least twice and only a portion of the transconjugants were characterized; these are described in Table III . With the recipient JH2-2, Erm B, Erm C or both determinants were transferred. With the recipient Rd8, all erythromycin resistance determinants were transferable with the exception of Erm A. The Tet B determinant was also transferable to the Rd8 recipient but not to JH2-2.
Discussion
This study demonstrates that the erythromycin resistance found in A. actinomycetemcomitans can be transferred to both closely related H. influenzae (Gram-negative) and unrelated E. faecalis (Gram-positive) recipients. Transfer of Erm r determinants from Campylobacter rectus and Actinobacillus pleuropneumoniae donors to E. faecalis JH2-2 recipient has also been described (Roe et ah, 1995a; Wasteson et al., 1996) . We found that the Erm B determinant was the most common in A. actinomycetemcomitans, followed by Erm C, Erm F, Erm Q and Erm A. Of the ten A. actinomycetemcomitans donors tested, all could transfer the Erm r phenotype. The Erm B, Erm C, Erm F, and Erm Q determinants were transferable from A. actinomycetemcomitans donors to the H. influenzae recipient in various combinations (Table III) . The Erm A determinant was not transferable in the two donors tested with either recipient (Table III) . The Erm C and Erm B determinants were the most commonly transferred from the A. actinomycetemcomitans donors. The Erm F and Erm Q determinants were also transferable, but at a low frequency compared with Erm C and Erm B. When evaluating the transfer of determinants from A. actinomycetemcomitans to E.faecalis, we observed only Erm B and/or Erm C determinants in the transconjugants. Finding erythromycin resistance determinants in A. actinomycetemcomitans is not unexpected since several people have previously reported MICs of erythromycin 8mg/L for this species (Genco, 1981; Baker et al., 1985; Slots and Rams, 1990; Pavicic et al., 1992) . Recently we have found rRNA methylase determinants in A. pleuropneumoniae (Wasteson et al., 1996) . With A. pleuropneumoniae, Erm C was found in 74% of the isolates and Erm A was found in 31% of the isolates examined. These isolates were able to transfer the Erm C determinant or both the Erm C and Erm A determinants to the E.faecalis JH2-2 recipient at frequencies ranging from 10" 7 to 10" 9 /recipient (Wasteson et al., 1996) . This differs from A. actinomycetemcomitans which could not transfer the Erm A determinant in similar experiments. In addition, unlike A. actinomycetemcomitans, A. pleuropneumoniae did not carry the Erm B determinant.
The transfer of conjugative transposons from Gram-negative to Gram-positive species has been described previously. The conjugative Tet M transposons, which like the erythromycin resistance determinants are of Gram-positive origin, are found in both Gram-positive and Gram-negative bacteria (Mabilat & Courvalin, 1988; Roberts & Lansciardi, 1990; Bertram, Stratz & Durre, 1991; Roberts, 1994) .
There was no correlation between the MIC value and the number of erythromycin resistance determinants present in individual A. actinomycetemcomitans isolates. Isolate 5004 did not hybridize with any of the five Erm probes even though the MIC for this isolate was 8 mg/L. This isolate could carry a new or different rRNA methylase determinant or could have a different mechanism of resistance.
Erythromycin resistance determinants have been found on both conjugative plasmids and transposons, with transposons being common in Gram-positive cocci (Leclercq & Courvalin, 1991) . We did not find the Erm determinants to be associated with any detectable plasmids in the donors or erythromycin resistant transconjugants. It seems highly probable that many of these erythromycin resistance determinants are on transposable elements in the A. actinomycetemcomitans isolates studied.
Three of the A. actinomycetemcomitans donors were able to transfer the Tet B determinant along with the erythromycin determinants to the H. influenzae recipient when only erythromycin was selected for. The Tet B determinant was found in 33-40% of the H. influenzae transconjugants tested (Table III) . The Tet B determinants in these A. actinomycetemcomitans strains have been shown to be associated with conjugative plasmids (Roe et al., 1995a) . In contrast, the Tet B determinant, which has only been found in Gram-negative bacteria (Roberts, 1994) was not found in the E. faecalis transconjugants. Whether the presence of the erythromycin determinants will influence the antibiotic treatment of A. actinomycetemcomitans associated periodontal disease is currently being examined.
